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In our search for novel acetylcholinesterase reactivators, we have synthesized a
number of 8-azabicyclo[3.2.11-oximes, 1-phenyl-3-aminopropane oximes,
phenylpiperidino oximes and simple pyridinium oximes. Particularly interesting are
a.hydroxy oximes, for which a new synthetic method was developed. Our design concept
for reactivator molecules focuses on naturally cholinergic molecules which have a
binding affinity for the catalytic site on the enzyme. Incorporation of an oximino group
in a molecule with an inherent affinity for the active site should lead to effective
reactivation. This has been demonstrated for tropyl (8-azabicyclo[3.2.1J) systems. An
X-ray structure determination on a member of this class, namely, 2a-hydroxy-3-
tropanone oxime methiodide (1.), has been carried out.

Two sensitive assay procedures have beon devised and used in our work for following
the reactivation of acetylcholinesterase that has been inhibited by diisopropylfluoro-
phosphonate (DFP).
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3. Background

This Annual and Fnal report covers the successful reduction to practice of our basicdesign concept for acetylcholinesterase reactivators. In our original proposal we presentedthe hypothesis that molecules which structurally resembled acetylcholine and possessed anucleophilic oximino group could serve as optimal acetylcholinesterase reactivators.Reactivation refers to the reversal of phosphonylation from the active hydroxyl group onthe enzyme. We require the following structural features:a. A rigid-bridged bicyclic molecule such as 8-azabicyclo[3.2. l lheptane as presentin tropane systems.
b. A center of high x-electron density as embodied by the 1 -phenyl-3-amlnopropane system (suitably substituted)c. A conformatlonally hindered oximino ammonium system as exempfl fed by thephenylpiperdino system
d. The presence of a secondary hydroxyl grouping rr to the oximino group in the
above structures.

The following structural types fulfill the criteria, and 1. 3, ., and I have been
synthesized sucmssfully:

Io

/I

It)C - M •.to_ I~ -f .11 Oilt

--
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(-. ..........

01C

IMI

.. 5



100,oi
N

XC-CHCH
1-N X

I OH CHI

lx
Propanone-[ I -phenyl-2-hydroxy-3-aminoloxime methiodide analogs

-NOH H3C CH e
C-CH1

/~7J=NONf

NON

H,C CHI Y1

)4-Acetyl-4-phenylpiperidine 2,4-Bisoximino-tropan-3-one
methiodide oxime methiodide

00
NN N O

2-(Hydroxyrnethylcarbonyl) pyridi ne 2-(Methoxynmethylcarbonyl) pyridine
.oxime methicodide and 3-(Hfvdroxy- oximc methiodide

mehylg~rbonvi) owidifle methiodide

HO N® n3co N
D0"NO" Noll

Noll I Noll ClH.
04H3

2,6-Bis(Hydroxymethylcarbonyl) pyridine 2,6-Bis(M~ethoxymethylcarbonyll) pyyriiduine) oxirne methiodide oxime methiodide
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The following N, 3tem was proposed originally and the synthetic approach is kcingstandardized:

HO.7 N ,~H,

H

) H
) xl

Iiicyclulheptyl dihydroirnidazulisio sySfeiii
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4. Major Accomplishments During the Two Years

a. 2a-Hydroxy-3-tropanone has been synthesized. This compound has been convertedt to

its oxime methiodide and its structure has been determined by X-ray crystallographv.

b. A series of propanone-[1-phenyl-3-aminoj oxime methiodides have been synthesized.

c. The above propanone-fl-phenyl-3-aminol derivatives have been oxidized usine
CH 51(OAc)2/CI1 30H~/KO1H to the corresponding propanonel i -phenyl -2. hvdirw,% A
aminol dimethy!acetal analogs.

d. In certain cases the above propanone-fl-phenvl-2-hydroxy-3-aminoI dimethvlacet:ik,
were hydrolyzed, converted to the corresponding cz-hydroxy oximes and then cmin
verted to the methiodide derivatives.

e. 2,4-B3isoximino tropane-3-one has been synthesized. This compound has heen
converted to its methiodide.

f. Synthesis of a-hydroxyketones. a-methoxy ketones has been achieved using hvper
valent iodine oxidation of trimethyl silyl enol ethers of ketones. Thus the synthes;iq of
reactivation was achieved.
(a) 2-Hydroxymethylcarbonylpyridine oxime rnethiodide.
(b) 2,6-Bis(hydroxymethylcarbonyl) pyridine oxime meth iodide.
(c) 2-Methoxymethylcarbonyl pyridine oxime methiodide.
(d) 2,6-Bis(mothoxymethylcarbonyl) pyridine oxime methiodide.

g. A new synthesis of l,4-diar! butane- 1.4-diones his been developed using hvperv:11t.111
iodine oxidation for the synthesis of hisoximes.

h. A kinetic procedure has been developed for determining the rites of reictivatotn (0'
phosphonylated acetyicholinesterase.

i. The percentage reactivation by 20 oxime derivatives synthesized his been determine, I

j. The pK. and binding constants of the structurally related pair of compounds haveh'r

determined and compared.

k. Fifteen compounds were submitted to WRAIR for further pharmacologic:.31 evanillti-

1. The fundamentil hypothesis of our project, namnely, that rigId, bridged bicychlv.
amnionium oximes would be effective acervlcholinesterase reactivators. has been
substantiated in the case of the 9-azabicyclloI3.2.1 II sytem.



S. Discussion of Syntheses
At the outset of this research a synthetically useful method for the a-hyroxylation ofketones containing amino functionality was not available. Accordingly, wedeveloped theuse of C6H5IO/KOH/CH

3 OH for this purpose.
0 OtH 3  N-OR

Il1II 
11R-- C -- C3 - R - C. - CH20C3 .... R - C - CH2 0H -R R -C-- %2 i011 -* quenternery methiodld

_2 0cH 3 4 6
This method was particularly useful in the case of tropanone (1). We were able to carry out

the following reaction sequence in excellent yield (Z 8 10--. -0. ) :
H~C N HC-N ~ N

OHl OCH4
7 0 OCH,

OH 
H\

N -04
1-O N - 014

10a =HCI sail10 = fro* base
C6H5I-(OAc) 2, KOH-MeOH, overnight iii= NH2OH HCI, NaFHCO0ii = 3N HC]; I hour 

iv = Mel
A determination of the X-ray crystallographic structure of I was undertaken for tworeasons. The first was as a structural proof and the second was to obtain molecular parametersfor development of structure versus reactivity relationships. The X-ray structure is presented inFig. 1.

2 (x-Hydroxy-3-tropanone (9) was described in the literature but the melting point (m.p.)of our material, 65-66'C, was quite different from the reported m.p., 101-103oC.I Since we havean X-ray determination, the reported value must be in error. We have done control experimentsto show that no inversion of configuration occurs in the sequence 8 -4 9 -4 10 --+ 1. A reason-able assumption is that the reported material possesses the epimeric f- and axial configuration atC(2), and is, in fact, 2 0rhydroxy-3-tropanone (11):

)
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CII,

14,C N- I••HC--N A0 t,--Q0y

M 0 1 OSiMe, 14-OH|! 12

We have attempted to synthesize 1I by acid-catalyzed treatment of 8 and 9 but we
observed no change in configuration. Tropanone enol silyl ether (12) was synthesized and
treatment with OsOIN-methylmorpholine oxide, OsOpyridine, or m-chloroperbenzoic acid did

not yield an ti-hydroxylated product. Yet to be tried is oxygenation of tropanone lithium enolate
and reduction [(C"130) 3P1. Failure to yield any at-hydroxylated product, either oa or 03, in any

of these ca-hydroxylation procedure. Obtaining authentic 203-hydroxy-3-tropanone oxime
methiodide is important for our studies of reactivation as a compariscn with the 2cr-analog,
namely, 2a-hydroxy-3-tropanone oxime methiodide (1).

The next series of compounds synthesized were Mannich base derivatives (13a-e) znd the
derived oximino methiodides (14a-e) via the reaction: /OI4

0 N ,/---,CH ,

C--CHCH -- N X C--CNCH,- N X

"HCI t•a

3a; X CH2  14a; X = CH2

l3b; X =O 14b; X = O
13c; X = S 14c; X = S
13d. X' = pyrrolidino 14d; X' = pyrrolidino
13e; X =C1 2; R = OCH3  14e; X = CH,; R = OCHI

Next the Mannich bases, 13a-e. were subjected to the hypervalent iodine oxidative
procedure to obtain the ca-hydroxydimethylacetal, 15a-e:

)
i1



CN,O OH

136 ~C CH CHI-"N

.J~J11OCH,

C -C)4CCH- N X

,O-CI4 C~4 t tN Ct 4

18a -9 17A -9

I lydrolysak of the dimethylacetM.1 oxiirnlflitofl qju3emizltiol i% being actively pursued.

The next series of compounds %ynthesi7ed are ei",ntiaIly acetyl pyridine derivativei:
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20 OcH i41

L - 0,11" No '2I C- cif,OH
C 14, N o lN O "

23 22

Sc-clf,Ou cce,

Nil
24 25 26

)) 3

0A
0 r i 

I

32 21



In order to increase the ability (f tropane alkaloids to reactive the enzyme by increasing
the stability of the oximate anion incorporated with this basic system, we synthesized
2,4-bis oximino-torpan-3-one methiodide (35). Reaction of 3-tnpanone with

/CII C/ 3C C C•1
N N

t -u O K N R C 3 OI- ~ 11 c-s NUON
NON 0 NON 0

34 35

t hittylnttrite and potaOium t-hutoxide yielded 2,4-bisoximinorropane.3-one (34). 34 on quarter-
ni iation with rnethylio•ide give 2,4-hiioxtrninotr'ipane.-lone methiodide in goodl yields.

Furihcrrrore, in order to increase the stability of the oximate anion, we synthesized

4,ximes containing a--hydroxy or tn-methoxy groups.

(a) This approach includes the treatment of trimethyhl.0l enoi ethers• (36 and 39g) or

ketones with odmobohenrzene in 1l1O. Thus treatment of 36 and 3_ with iodosobenzene in water

,it room termperature yielded the a-hydroxy ketones (37) and (39) e.g.:

OLDl (Ph ln

"r)S 0t, C "IO

o $1CH313 0

n1ý o ~ t 00 n
O'-CHH E, 0•i H, --V

38 . .

)
14



Thus 2-hydroxymethylcarbonyl pyridine (37) and 2,6-bis(hydroxymethylcarbonyl)
pyridine (39) so obtained were oximated to corresponding oximes 40 and 42 respectively.
Quiaternization of 40 and 42 with methyl iodide in dichloromethane or ether yielded 2-
hydroxymethylcarbonyl pyridine oxime methiodide (41) and 2,6-bis(hydroxymethylcarbonyl)
pyridine oxime methiodide (43) respectively.

N"20" C-.. Q
"NON1 N " OilI NI O

0 40 NOR CNH33..77 41

NHI OHNT CHIt I

HO 0 4 NO (H, No0

4._3

(b) The a-methoxy ketones (44 and 45) respectively were syntheszed by the reaction of
trimethylsilyl enol ethers (36 and 38) of ketones with iodosohenzene-BF , .Et 20 in methanol at

-79"C.

Tu.Ph1O) 
N 

C•,N 
0

N oct

36 SUCHP3 (1190ON, -?or C 4

(H ~(PhI0), 0
) 38 C

15



Ketones 44 and 45 were oximated with NHZOH to 46 and 47 respectively. Quaternization of 46

and 47 with CHI1 in THF or ether resulted in the formation of corresponading methiodides (48

and 49) respectively.

C30H CH
OCe I jr OCHI31-6 NO" I NOR

49

CH3 0H0 CH31 0 E,

o3CO cO 3  i3co "i 0  OC,
NO 4 Nol NH1 NO"

49

Finally we have developed a synthesis for diaryl 1,4-diketones (51). This synthesis
involves the coupling of trimethyl silyl enol ethers (50) of ketones with iodosobenzene in dry

) dichloromethane under nitrogen.

OSI(CH 3 ) 3  R

C (PhlOln /Br 3 , Et 2 0

CH2 C 2 , N

50O-e 51a-_

R tH, OCH 3, cl, r, Cu3

However the coupling of trimethyl silyl enol ether (18) derived from tropan-3.one 7
under the presently developed carbon-carbon coupling conditions was unsuccessful.

"H3 C H3 C H3 C C H3

N 5 N N

(CH3)35ICl
i ~ CH2 ttl2

7 0 1 OSI(t3)3 0 0
S_ 12 5__2

16



6. Kinetic Studies

Two very sensitive assay procedures have been used in our laboratory for monitoring the
activity of acetylcholinesterase. The first assay, with acetylcholine as substrate, is based on
coupling away the choline produced from the esterase reaction with choline kinase, which
catalyzes the transfer of the y-phosphate from ATP to choline, producing ADP, and then
removed with the pyruvate kinase-lactate dehydrogenase couple, and disappearance of absorb-

ance is monitored at 340 nm. 6

The second assay procedure uses acetylthiocholine as an alternate substrate for acetyl-
cholinesterase, and involves a chemical reaction between the thiocholine produced from the
esterase reaction with dithiobisnitrobenzoate. The product anion of 5-thio-2-nitrobenzoic acid
absorbs strongly at 412 nm.

Choline kinase and acetylcholinesterase were purchased from Sigma as the lyophilized
powders. Each enzyme was dissolved in enough phosphate buffer, pH 8.0, to make a solution of
5 units/nil for choline kinase and 50 units/ml for acetylcholinesterase. Pyruvate kinase and
lactate dehydrogenase were purchased from Boehringer as the glycerol suspensions and were
used without further modifications. The potassium salts of phospoenolpyruvate (PEP) and
NADH were from Sigma; the sodium salt of ATP was from Boehringer, and acetylthiocholine
iodide and dithiobisnitrobenzoic acid were from Aldrich. All other reagents were of the highest
quality commercially available.

) For the first assay procedure, each cuvette contained 100 mM phosphate buffer pH 8.0
(pH adjusted with KOH), 100 mM KCI, 5 mM MgCl,. 1.0 mM ATP, 1.0 mM PEP, 0.2 mM
NADH, 0.1 mM acetylcholine, 5 4.1 each of the stock solutions of pyruvate kinase and lactate
dehydrogenase, 100 jpl of choline kinase, and various amounts of acetylcholinesterase arnd water
to yield a total volume of 3.0 ml. For the second assay procedure, each cuvette contained 100
mM phosphate buffer pH 8.0, 0.5 mM acetylthiocholine, 0.5 mM dithiobisnitrobenzoic acid, and
various amounts of acetylcholinesterase and water to yield a total volume of 3.0 ml.

Initial velocity studies were run on a Cary 17 spectrophotometer at ambient temperature
with a full scale sensitivity of 0.05. For the first assay procedure, the initial velocities were
expressed as the 4rmoles/l of NADH disappearing per minute and were plotted versus the concen-
tration of acetylcholinesterase used. For the second assay procedure, the initial velocities were
expressed as the p±moles/l of 5-thio-2-nitrobenzoic acid (TNB) produced per minute and were
plotted versus the concentration of acetylcholinesterase used (Fig. 2). It should be noted that a
background rate was observed in all cases with both assay procedures. The background rates
were subtracted from the acetylcholinesterase rates, however, so the initial velocities reported are
the net rates.

Lines A and B demonstrate that both a.•,, procedures are valid for monitoring the
activity of acetylcholinesterase. since the measured rate is directly proportional to the concentra-
tion of acetylcholinesterase used.

17
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4R(NADH)

B (N B)

2-
00

0.1 0.2 0.3 0.4

units/ml Acetylcholinesterase

) Figure 2. Initial Veltxites for NADH and TN9 Reactivation of Acetylcholinesterase.
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Inactivation Procedure

200 gIl of stock acetylcholinesterase was mixed with 5 drops of diisopropylfluorophos-
phonate (DFP) at 25*C for 30 minutes. The solution was then placed in an Amicon ultrafilrration
cell equipped with a Diaflo YM 30 membrane. Two volumes (100 ml) of 0.1 M phosphate
buffer, pH 8.0, at 4'C were passed throgh the cell in order to remove all excess DFP. The
acetylcholinesterase was recovered in a volume of 10 ml, and assayed by both procedures
previously described. No activity (over background) was demonstrated by either procedure. 200
pi of stock acerylcholinesterase was mixed with 5 drops of water at 25'C for 30 minutes. The
resulting solution was treated in the manner described above with less than 5% loss of activity.
All procedures described in this section were carried out in a glove box under nitrogen to protect
the investigators. Any excess DFP was rendered inactive with concentrated potassium
hydroxide.

Reactivation Procedure

Five ml of inactivated acetylcholinesterase from the previous step was mixed with 5 ml of
0.1 mM 2-pralidoxime methiodide (2-PAM) in 0.1 M phosphate buffer pH 8.0 at 25*C for 30
minutes. The solution was then placed in an Amicon ultrafiltration cell equipped with Diaflo
YM 30 membrane. Two volumes (100 ml) of 0.1 M phosphate buffer, pH 8.0, at 4VC was passed
through the cell in order to remove all excess 2-PAM. The acetylcholinesterase was recovered in
a volume of 5 ml, and assayed by both procedures previously described.

) The concentrations of the protein in the resulting solution were also determined by
standard Biuret assay using stock acetylcholinesterase to construct a standard curve. Comparison
of the specific activity of the enzyme treated in this manner with the specific activity of stock
acetylcholinesterase (assayed by the same procedures) demonstrated over 40% reactivation.

)
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Table 1. Percentage Reactivation Relative to 2-PAM for Tropanone-Oximes

I131c- N H, " 0.75

~N-OH

H1c-N H

CO2CH3 \-Oil

33

e/CHI 0.40
HIC

N-OH
34

"HC- N 0.05

N-Otl
35

)2-PAM 1.0
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Table 2. Percentage Reactivation Relative ro 2-PAM forU -PhenyIpro I Ammonium Oximes.

/OHN IG

C- CHICHz- 2N Q00

a14

/OH

NII '0.05
C -CH"CH, N 0

CHI
14 b

NOH

C - H? H20.05
C HI

14

2-PAM

)
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"Table 3. Binding Studies and Percentage Reactivation Relative to 2-PAM for pyridine and"topanone oxirte methiodides.

Compounds pKa KI(mM) % Reactivationpotenciometric spectra

CH1 OH
. 'NH7.5±+0.2 7.8±-+0.1 0.07±0.01 100

I

CH, NOTh H 75 .O78H.

C 8.7 +0.2 0.6
.70 0.0.08 ±0.02 67

C H,

23

10

8.4 ± 0.6 9.0 ±0.1 0.40 ± 0.02 40

34

0

3±CH 9.3 0.2 0.2 0.06 +0.01
Nl NO3i 66

)
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Table 4. Binding Studies and Percentage Reactivation Relative to 2-PAM for Tropanone Oxime
Methiodides.

pKa K1(mM) % ReactivationCompounds porentiometric spectra

0 9.1±0.2 7.1 ±0.1 0.15 0.01 53

403

'•go, 9.3±0.2 7.1 ±0.2 0.18±0.02 64

49

9.8 ± 0.2 10.2 ± 0.2 0.04 ± 0.01 z2

7

)
23
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7. Discussion of Kinetic Data
First, it should be pointed out that we have in place a standardized and reliable assay for

determining percentage reactivation. With the acquisition of the Vacuum Atmospheres Drylab and

Guilford spectrophotometer. these studies should move along even more rapidly.
The data presented clearly points to the bridged bicyclic 3 oxires, such as J, fl, and 34, as

valid substrates for further synthetic elaboration in order to improve their reactivation capabilities.

8. Conclusions
We believe we are on the "right track" in this work. Our design for reactivator structure was

based upon the accepted model for acetylcholinesterase involving the complement to an onium
center and a critical distance between this center and the blocked (phosphorylated) serine hydroxyl
group. Our approach emphasizes the binding of the reactivator to the enzyme. Tropane-type

systems which are cholinergic offer an ideal "vehicle" to deliver the oximino group to the catalytic
active site. It should be emphasized that this approach could also be applied to the design of an

inactivator and this is precisely what has been reported recently in Russian acticles. 2 ,3 They have
synthesized a series of alkaloidal phosphates and thiophosphates as acetyl and
butyrylcholinesterase inactivators. These workers showed that quaternary bridged nitrogen
acetylcholine derivatives of the type we have studied are excellent substrates for
butyrylcholinesterase and acetylcholinesterase. As stated in this publication, "large teams of

)} chemists and biochemists at the Institute of Bioorganic Chemistry of the Academy of Sciences of
Uzbek SSP, the Institute of Experimental Medicine of the Academy of Medical Sciences of the

USSR, and the Sechenov Institute of Evolutionary Physiology and Biochemistry of the USSR
Academy of Sciences" have carried out the syntheses and measured the hydrolytic rates of
members of this class of compounds (phosphate derivatives of lupane, cytisine and piperidine

derivatives].
One could use our approach for the design of a protective acetylcholinesterase by attaching a

carbamoyl group to the alkaloid. In a sense, this is the basis of the mechanism of protection
afforded by pyridostigmine bromide. The generality of this concept, as applied to diverse
alkaloidal structure, is an interesting area of investigation.

Turning to the compounds we have synthesized in the present study, the tropane system looks
definitely promising. By varying the ring size and changing the orientation or position of the
neighboring hydroxyl group, we believe we can materially improve this system. Also, bridging
via a CH2-O-CH 2 group between two tropanyl units would lead to a potentially interesting

compound.
In conclusion, we 'eiieve that the vast arrav of naturally occurnnm alkaloids of

known structure and geometry offer a fertile array for pursuing the concept of defivery of the

oximino group to the active site via a vehicle of good affinity for the catalytic site on the enzyme.
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9. Synthesis and Characterization of Compounds
Mate'ials: Nuclear magnetic resonance (NMR) spectra were recorded on a Varian A60

or EM360 spectrophotometer, chemical shifts are reported in pants per million fppm. 8)
using tetrame-hylsilane (TMS) as standard. Unless otherwise mentioned, NMR spectra

were recorded on solutions of the compounds in CDCI3 . Splitting patterns are designed as

!ollows: s.. singlet; d, doub!etj_, triplet; ., quartet; m, multiplet; D, broad.
Infrared (I.R.) spectra were obtained using a Unicam SP I.R. spectrophotoneter. Melting

points were determined on a Thomas Hoover capillary melting point apparatus and are

uncorrected. Mass spectra (MS) were measured with a Hewlett Packard GC/MS 5985

apparatus at 70 or 20 eV. Microanalyses were obtained from Microan Lab., Skokie,
Illinois. All the new compounds gave satisfactory analyses (C, H, N).

Terrahydrofuran (THF) was dried over LiAIH 4 , distilled and stored overa 4A

molecular sieve. Thin layer chromatography (TLC) was performed on pre-coated TLC
sheets, silica gel 60 FI-254 (layer thickness 0.2 mm, EM reagents). Column
chromatography was done on silica gel (60-200 mesh), available from J. T. Baker

Chemical Company.

Preparation of Ketones
I -Methyl-4-piperidone, tropan-3-one, 2-acetylpyridine, 3-acerylpyridine, 2-6,-) diacetylpyridine and quinuclidione hydrochlorides are commercial products (Aldrich).

Other ketones used in these studies ware prepared in the laboratory. Their preparations are
given below.

I -Phenvl-3-(1 -piperidinyl)propanone hvdrcxhloride 4

A mixture of 12.2 g. (0.1 mole) of piperidine hydrochloride, 0.25 mL of concentrated
HCI, 4.5 g. (0.15 mole) of paraformaldehyde. 30 mL of absolute ethanol, and 12.0 g. (0.1
mole) of paraformaldehyde was added to the solurion and refluxing was continued for 2
hours. To the hot mixture was added 250 mL of boiling acetone, and the resulting solution
was cooled slowly, finally in ice water. The white crystalline product was collected on a

filter 21.5 g.. (85%) m.p. 192-1960 C, (literature [Lit.1a), m.p. (192-193o C).
Using the above procedure, the following were prepared:

!-Phenvl-3-(l -p rolidinvl)prrpanone hvdre,.rochlor:e (I 'Ia)
m.p. 1480-1520 C
-c '.ekd = 65.S
I.R. (mineral oil) cm-l: 1675 (carbonyl stretch)

NMR (D20): 1,8-2.4 (6H, m, -COCH_2- and N(CH2CH 2 )2 ;,3.0-3.8 (6H, m,

+N-(CH 2 )3); 7.0-8.0 (5H, m_., aromatic protons) and (6H, r, 1 +I-(CHI2)3).
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I .Phenyl.3-(4-morpholinyl)propanone hydrochloride (1 3b)

m~p. 161-163TC
% yield = 79.0

I.R. (mineral oil) cm 1: 1670( ~C=O SO.

I -Phenyl-3-(4-thiomorpholinyl)pmpanone hydrochloride (1 3c)

m.p. 167-170TC
1, yield -53.5

JR.(mineral oil) cm'1: 1670 ( ~C=0 vr)

0 Cli

NMR (D20): 2.0-2.3 (6 If m -C.C16 .and Of )
-2

3.3-3.4 (6 It m, N-(CI I,),)) 7.5-8.3 (511t m, aromitic protoni).

I -(AA.1cth(ov 1 henyh).l.( -piperidlinyl)-propanone hydrochloride ( 1_c)

17 yielda 51.9

J.R. (mineral oil) cm 1: 1690 ( C-{) Sir)

0

INIMR (1i)0): 1.4-2.2 (9 H1_M. -C-CII, 4- 6 pireridine protons)

2.7-.1.7 (611 m, ' __ ( I1,,
11(3 0HIl. -0(11J)
6.7-7-2,(2 It 1w,, rom.1ic)

7,92-U. (2 H m1, aronillic prolvng).

I~ ~ ~ ~ ~ ~~~~ý~ - 1rnvhnl3( rrldnl)m none hvrochloride

"r yiocld .(l 50

IR. mintril oil)cmi PIN~) ( ('r( wr)

) NNR M10(): 3 2-1.7 (6 It rn '-Q.))
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1-(4-Methoxvhenyl)-3-(1 -pierdinyl)--opanone hydrochloride (I41)

m.p. 186-1880 C
% yield = 50.4
I.R. (mineral oil) cm" I: 1665 (carbonyl stretch)

NMR (D2O): 3.4-3.9 16H. m, *N(CID((CH2 )(CH 2)]

3.0-3.4 (6H, S. -COCUI2CH 2- and S(CHi2)2)

4.2 (3H.I. -OCH3)

7.0-7.4 (2H. d, aromatic protons)

8.0-8.4 (2H,1-1 aromatic protons).

PrerpMotion of 2-acetyl- I -merthvy nzimidazole
±2-c(-hvdrolverthvyhn zimrdizolc 5

A mixture of o-phenylene diamine (0. 1 mole), lactic acid (0.12 mole) and 4N HCI (1(X)
mL) was refluxed for 35-60 minutes. The mixture was cooled, basisified with Ag
ammonia, washed with water, dried to yield the desired material, m.p. 178-1790 C, (Lit.5

m.p. 178-179 C). Yield = 68%.

2-Acetylbenzimidazol 
6

A solution of chromium trioxide (1 .5 g.. .015 mole) in water (5 mL) was addeu

dropwise to a ,olution of (±)2-a-hydroxylethylbenzimidazole (3.24 g., 0.02 mole) in
glacial acetic acid (15 mL) at (MO C. The reaction mixture was heated at 100I C for an
,)fhrir~iI'q an'.+ d zhci- ýwted into :C0 mL of water. A tlocculent precipitate was

discarded. The filtrate was extracted with C110.3 (3 X 50 mL), and the combined extracts
were dried (MgSO4) and evaporated under reduced pressure. Crysta.lization of the residue

from henzene (60-80 ml.) gave 2-acet,, hnnzimjdazole. 2. ) g. 65%.
m.p. 187- 18910 C (Lit.6 m p 188- 1 8 C)
I.R. (Nujol. cor I): -1680 (carNnyl strttch)
'f MeId =- 6 5

Methyvl ,ulfate 01 26 ml.. () 01 3 mole) .i, ,dMcd to a ,olution of 2-acerylbenzimidazvok

(I1.6.. 0) 01 mole) in 2N ýoxldum hydrtxide ( l ' The mixture was cooled to OC C and
" ( c o d U .+ •, lc''' I -! ircd off. -kli,'cd A ith cold
., ater atid dried to grve 2 1-,. , - -c.hx 1 I -! n:: d.,,t0e ( ,85 g. -50T) m p. 71-75W C

(Lit. 6 m p 740-751) C). NNIR 276 s, 3M1, COC1)'1), 4 05 (s. 31., N-CP 3), 7.25-7'i)

(t I, aromatic protons). 27



General Procedure fr Pr Jara-ion of a-Hvdroxvacetals:
Potassium hydroxide (0.15 mole, 3 eq.) was dissolved in 80 mL of methanol with ice-bath

cooling, and a solution of the ketone (0.05 mole, I eq.) in methanol was added dropwise

:hrough a pressure-equalized addition funnel and stirred over a period of 30 minutes. Then
solid iodobenzene diacetate (0.055 mole, II eq.) was added in portions during a 10 minute

period. The reaction mixture was stirred at room temperatre overnight. Most of the methmnol

was evaporated in u , then the residue was added to water and K2CO3 to saturate the

solution, followed by extraction with CHCI3 or ether,dried (MgSO 4), and concentration in

vacu to give the crude product (with iodobenzene). Final isolation/purification of the product

was done by column chromatography or crystallization (described in individual cases). These
compounds exhibited the properties listed below.

-j.vdroxy-4.-pipeidone dimethylacetal

This acetal was isolated by addition of hexane to the crnde product followed by cooling the
solution in a refrigerator overnight. Colorless crystalline solid (recrystallization from hexane)

m.p. 109-1100 C was obtained in 54% yield. IH-NMR: 3.2.4 -3.28 (s, 3H, C4 -OCH 3 ),
3.82-3.90 (m, IH, CUI). Mass spectrum: m/z 175 (M", 22), 143 (M-OCH 3, 45), 126 (55).

112 (43), 86 (100).

Tnis com.pound was isolated by column chromatography, using ethyl acetate and methanol

(75:25) as cluent. Recrystallization from hexane gave pure colorless crystals. M.p. 85-860 C
in 33% vie!d. 1HNMR: 3.24 (s, 3H, C3-OCU 3 ), 3.-9 (,, 3H, C3-OCH3), 3.88-3.90 •m.

1H. .2-7-H); Mass Spectrum: nVz 210 (MI. 58). 170 (M". 22), 143 (M-OCH 3. 45), 126

(55), 112 (43), 86 (100).

1.1-Dimrcthoxy-1 I.henyl-3.(- 5
This was isolated in 50% yield by repeated crystallization from hexane, m.p. 80-810 C.

iENNIR: 323(s, 311 CI-OCH3), 3.38 (s, 31, C1 -OCH 3 ). 3.95.4.15 (d, IF. CILI)

•J:-tz): Mass Spectrum: m/z 279 (M÷6). 151 (06), 128 (52), 98(1(X)).

LL- [trnrchoxy-1 -phcnyl- 3-( I -proj~ , •

This was isolated in 25% yield by cry'talhzation from hexane m.p. 770-780 C, IlNMR:

1.73 ion, '111.- C12CU2)2. 2.4 (m. h6 . -\ !('-,), 3.3 <. 3t1.-(00 1P 3 4 (, 311.

OC1t 3 ), 3.55 (s. 111, CHOL_), 4.04-4.27 'd, II, ('LHO)). 7.1M .7.01 (in, 511. aromatic

protons; MS: nmz 265 (M+, 0.4), 235 (3), 151 (16,2) 121 (1) 85 d) 84 (100).
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1 .2-Dimcthoxy- I -Dhenvl-3-(4-moroholinvl)-propan-2-oi (15 b)
The product was obtained in 60% yield by crystallization from hexane, m.p. 75-76oC.

IH NMR: 3.25, 3.40 (s, 3H, CIOCH 3), 4.02-4.20 (dd, IH, C2E)(J = 3 Hz); MS: m/z

281 (M÷, 1) 151 (48) 130 (18). 100 (100).

I.- 1-Dimethoxy- 1 -r)henyv-3-(4-thiomorpholinvl)-propan-2-ol (15 0)
A colorless solid separated out when water was added to the residual reaction mixture

obtained after evaporation of methanol. Hexane was added and the resulting mixture was
stirred for 5 min'ites. Filtration followed by washing with cold hexane, followed by water
and then drying (under suction) gave pure product in 65% yield, m.p. 129-1300 C. I1H
NMR: 3.22 (s, 3H, CIOCH3), 3.38 (s, 3H, CIOCH3 ), 3.98-4.16 (dd, ID, C2.1); MS:

m/z 297 (M*, 1) 151 (40).

2.2-Dimethoxv-2-(2-pvridinyl)ethanoI (20)
This was obtained in 60% yield from 2-acetylpyridine using CH2CI2: CH3 COCH3

(95:5) as eluent (Rf = 0.35) m.p. 570-590 C. IH NMR: 2.15 (s, IH, OH), 3.25 (s, 6H,

OCH3), 4.00 (s, 211, CH2), 7.25 (m, 1H, C4-1j), 7.75 (m, 2H, C3Hstj), 8.60 (m, 1H.

C6-kD; MS: m/z 183 (M+), 166, 152, 136, 106, 78.)
2.2.Dirnethoxv-2-(3-pvridinyl)ethanol (25) or 3-(Hydroxymethylcarbonvl) Dyridine

dim•thyi acetal (25).
This acetai was also prepared according to the general procedure for preparation of ot-

hydroxyacetals. 3-Acerylpyridine and iodobenzene diacetate were mixed in equimolar
ratio. The purification in the final stage was done by precipitaiton with hexane (which
dissolves iodobenzene). Recrystallization from hexane-ether gave pure acetal in 38% yield,

m.p. 88-890 C. IR: Nocarbonyl, 3300-3460 (br, OH stretch). NMR: 3.22 (s. 6H,
C(CH3)2), 3.76 (s, 2H, -CH 2OH), 7.15-8.5 (m, 4H, 4 pyridinnium protons); MS: m/z

183 (,M, 0.32), 152 (M-OCH 3 - 100). 122 (2.04) 120 (8.6) 106 (16) 78 (4).

2.6-Bis-(hydroxrymethylcarbonvl)pyrdine tetramethyl diacetal (30)
Potassium hydroxide (5.6 g, 0. 1 mole) was dissolved in 50 mL of CH3OH at O C

with stirring, and 2,6-diacetyl pyridine (1.63 g. 0.01 mole) was added over a 10 minute
period to the solution while immersed in an ice hath. Subsequently iodobenzene diacetate

(6.44 g, 0.02 mole) was added in portions during 10 minutes. The reaction mixture was
stirred at room temperature overnight. CH3I011 was removed n va..ac., 40 mL of 1120
was added and the resulting solution was directly extracted with chloroform three times.
The chloroform extracts were combined, dried Aith anhydrous Na2SO 4, and filtered.
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After the chloroform was removed, the residue was purified by silica gel preparative TLC,

using elution solvent CH2C12 :acetone, 130:20, to get a white solid, Rf = 0.30. The solid

was crystallized with acetone to obtain white crystals (2.0 g. 72% yield) of 2,6-

bis(hydroxymethylcarbonyl)pyridine tetramethyl diacetal, m.p. 153-154°C; IH NMR

(CDC13 ), 3.5 (s, 2H, -O1), 3.9 (s, 4H, -CH2 -), 7.7 (s, 2H, 3,5 pyridinium protons),

7.95 (s, IH, 4-pyridinium proton). IR (KBr) nmax 3500-3300 (strong), no C=O

stretching. Mass spectrum (70 eV) m/z: 287 (M+), 256, 239, 220, 207, 192, 177, 164,

153, 137, 121, 113, 105, 92, 77.

2-Hydroxymethylcarbonyl- I -methylbenzimidazole dimethylacetal (33)

This acetal was obtained from 2-acetkyl- I-methylbenzimidazole using the same

conditions as mentioned in the general procedure. The characteristics are as follows:

m.p. 133-134o C; % yield = 60; IR (Nujol cm'l): C=O absent, 3400-3500 (OH stretch);

IH NMR: 3.22 (s, 6H, -C(OCH 3 )2-), 3.83 (s, 3H, -NCH 3), 3.95 (s, 2H, -C. 2 OH);

mass spectrum: n/e 237 (M+' 1) 236 (M+, 1%) 205 (M-31, 100%).

Preparation of ai-Hydroxyketones:

The hydrolysis of all the acetals described in previous experiments was attempted using

various conditions. Only a few cases were successful. The details of these experiments

are given in the following description, whereas hydrolysis of other compounds are under

study.

2-ca-Hydroxy-tropan-3-one (9)

1.0 G of 2-a-hvdroxy-tropan-3-one was dissolved in 10 mL of water and to the

resulting solution was :,dded 10 mL of 6N HCL. The mixture was stirred at room

temperature for I hour and then saturated carefully (effervescence occurs) with solid

KCOy Fxtracrion with CHC13 (5 X 40 mL) followed by drying over MgSO 4 and

concentration in a vacuum gave crude ketone as an oil which could be crystallized from

hexane to give pure product as colorless crystals. Nip.: 65-660 C; % yield = 55; IR

(CHCIF-) cm 1 : 1715 (carbonyl stretch), 3505 (-OH stretch); 1IH NIR: 2.52 (s, 3H.

NCH3). 4. 't,. (Il. C,-L) J=711z, 3.3-3.55 (i, -tH. Cl-l, C5f); MS: rmVz 155 .Th7)

125 (2.15), 124 (1.8), 112 (16) 98 (30) 96 (40), 82(I00).
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3-(Hydroxymethylcubgnyl)pyridine (26)
1.0 G of the acetal was suspended in 10 mL of water in a 200 mL Erlenmeyer flask and

about 30 mL of 6N HCl was added with stirring. The resulting solution was left at room

temperature for 20 hours. Aqueous NaHCO3 solution was added until the acetal solution

was basic. It was extracted with CHC13 (5 X 40 mL), dried (MgSO 4) and concentrated to

yield 0.45 g of 3-hydroxymethyl carbonyl pyridine (from acetone). M.P. 110-112o C; %

yield = 60; IH NMR: 4.84 (s, 2H, -COCH 2OH1), 7.25-9.0 (4H, pyridinium protons); IR

(KBr): 1715 cm-I (C=O stretch); MS: m/z 137 (M+, 5), 107 (11), 106 (100) 79 (13), 78

(92).

2.6-Bis-(hydroxymethylcarbonyl) pyridine

I G of 2,6-bis-(hydroxymethylcarbonyl) pyridine tetramethyl diacetal was dissolved in

a solution of 500 mL of acetone and 5 mL of water containing 150 mg of p-toluenesulfonic
acid. This mixture was then stirred at room temperature for 6 days

with the cap in place. After this period, acetone was evaporated and then water added; the

resulting solution was neutralized with dilute aqueous sodium bicarbonate and then

extracted with chloroform (4 X 100 mL). The chloroform layers were collected, dried
with anhydrous sodium sulfate and filtered, after which the solvent was removed in vacuo.

White needle crystals resulted and recrystallization with acetone yielded 400 mg (60%

yield) of 2,6-bis-(hydroxymethylcarbonyl) pyridine. M.p. 120-1220 C; % yield = 60; IR

(KBr): 3500-3300 cm-I (OH stretching), 1710 (C=O stretching); IH-NMR (CDCI3) 8:

1.25 (.J, 2H, O1j), 5.25 (s, 4H, -CH2-), 8.10-8.25 (m, 3H, pyridinium protons). Mass

(70 eV) m/e: Calculated molecular weight for C9H9 NO 4 : 195. Found: 195 (M+), 164,

137, 121, 105, 91, 84, 77.

Attemvted hydrolysis of 2-)hvdroxvmethvlcarhonv1)- 1 -methylbgnrzimidazole
The hydrolysis of the 2-(hydroxymethvlcarbonvl). 1-methvlbenzimidazole

dimethylacetal was attempted, using the following conditions:

A: Different Concentrations of HCI and var, ing reaction times. Only starting

material was obtained.
B. p-T01uenesuttnic aci -.-:•O/tac,:erz. ir%-7 , tinme period from 1-12 days.

Starring acetal was obtained.

C. Sulfuric acid. This also gave starting material.

We are still working on this problem and have tried the following alternative method:
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Step 1: 2-Bromoacetyl. I -methylbenzimidazole hydrobromide 7

A solution of bromine (.001 mole) in CCI, (20 ml) was added dropwise to a suspension of

2-acetyl-l-methylbenzimidazole (.001 mole) in CCI4 (20 ml). The resulting mixture was

refluxed until the color of bromine disappeared. Cooling and filtration gave 2-_o-bromoacetyl-
l-methylbenzimidazole hydrobromide (80%).

Step II: Reaction of 2-bromoacetyl-l-methlbenzimidazole with potassium hydroxide

The bromoketone hydrobromide obtained in the last step was treated with KOH in EtOH
and a little water. A brown ;olid, which is uncharacterized as yet, separated out. Thus we did
not get the desired a-hydroxyketone by this method.

2,4-Bisoximinotropan-3-one Methiodide (35):

2,4-Bisoximinotropan-3-one (34):

To a solution of 3-tropanone (1, 1.39 g, 0.01 mole) in t-butyl alcohol was added. 0.02
mol of t-Buok and 0.025 mole of t-butylnitrite. The contents were stirred at room temperature
for 36 hours. Then solution was neutralized with HCi. Solid so obtained was filtered and
crystallized from methanol.

m.p. = 166-168'C
% yield = 40
IR (Nujol) cm1 : 3325 (broad. 0-11 stretching), 1720 (sharp C=O stretching), 1660 (sharp, C=N
stretching).
'H1-NMR (DMSO-d) 5: 2.8-3.1 (in, 411, 2 x CI-I), 3.12 (s, 311, N-CHI ), 5.4 (m, 2H, 2 x Cyl).

2,4-Bisoximiaotropane-3-one Methiodide (35):

Bisoximinotropane-3-one (2) was dissolved in 50 ml of dry THF in a 100 ml R.B. flask.
To this excess of methyliodide was added and flask was stoppered tightly. The contents were
allowed to stir for 36 hours at room temperature. Solid so obtained was filtered and washed with
20 ml of dry THF and was dried.

m.p. = 228-230"C
% yield = 35

IR(KBr) cm1: 3320 (broad 0-H stretching), 1720 (sharp, C--O stretching), 1650 (sharp C=N
stretching).
'i1-NNIR (DMS()-d.) 6: 2.8-3.1 (m. 41f, 2!.-CFl,-). 3.2 (s, 311, N-CIt 3), 3.4 (s, 311, Clt.), 5.4 (m,

211, 2xCl).
C9gHI 4N0 31: Requires (%)C = 48.73, H 5.58. N 21.32. Found: (%)C 48.44, 11 5.67, N

21.28.
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Silyl Enol Ethers

The silyl enol ethers 36, 38, and 50 were prepared from the respective ketones according

to the general method A of House et. al.s However, dilute hydrochloric acid was not used in the
workup. because acid hydrolysis of the silyl enol ethers occurred to a significant extent in some
case,. The ratio of the reactants was the same in the case of monoketones, but a double amount
of chlorotrimerthyIsilane and triethylamine was used in the preparations that start from a diketone,
2.6-diacetylpyridine (7b). All silyl enol ethers were distilled before use.

Preparation of 2,6-Diacetylpyridine Bis(silyl enol ether) (7b)

To a solution of 32.60 g (0.30 mol) of chlorotrimethylsilane and 60.60 g (0.60 mol) of
triethylamine in 200 mL of dimethylformamide was added 2,6-diacetylpyridine (5, 20.38 g,
0. 125 mol). The resulting mixture was refluxed with stirring overnight and then cooled, diluted
with 400 mL of pentane, and washed with three 300 mL portions of ice-cold aqueous sodium
bicarbonate. The aqueous layer was extracted with pentane (2 x 150 mL), and the combined
organic phase was washed with cold aqueous sodium chloride solution (200 mL). The resulting
pentane solution was dried and concentrated in vacuo to yield crude silyl enol ether, 92%.

Distillation gave pure product: bp 129-131°C (0.05 mm); 29.5 g (77%); 114 NMR (CDCI3) 5 1.02

(s, 18H), 4.53 (s, 2H), 5.76 (s. 2H), 7.56 (m, 3H).

General Procedure for the Preparation of the ot-Hydroxyacetophenones (50).

) Boron trifluoride diethyl ether (2.84 g, 20 mmol) and then the silyl enol ether (10 mmol)
were added to a stirred and ice-cooled (0-5'C) suspension of iodosobenzene (2.42 g, I I mmol) in
water (50 ml). The mixture was stirred for 2 h. after which the temperature was raised to room
temperature; stirring was then continued for a further 2 h, during this time all of the iodosoben-
zene went into solution indicating completion of the reaction. The solution was neutralized with
an excess of solid sodium hydrogen carbonate and then extracted with dichloromethane (5 x 50
ml). The combined extracts were dried (MgSO 4) and concentrated under reduced pressure to

yield the crude product which contained iodobenzene as a major impurity. Final purification was

by column chromatography, distillation, or crystallization. In the cases of solid products addition
of hexane generally removed iodobenzene and the crystalline solid separated out of the solution
(Table 1).

2-Hydroxyacetylpyridine (37)

A pure colourless crystalline product (62%) m.p. 70-71"C (lit. 9 68-70°C) was obtained by
addition of mixture of hexane and diethyl ether (20 ml each) to the crude product, followed by
Filtration and cooling of the Filtrate at m(c.

2,6-Bis-(hydroxymethylcarbonyl) pyridine (39)

White needle crystals resulted and recrystallization with acetone yielded 400 mg (60%)

' yield of 2,6-bis-(hydroxymethylcarbonyl) pyridine. m.p. 120-122°C. IR and NMR characteris-
tics are the same as reported earlier.
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2-[(Methoxymnethyl)carbonyl pyridine (44)

Boron trifluoride etherate (17.00 g, 0.12 mol) was dissolved in dry dichloromethane (500

mL), and iodosobenzene (9.68 g, 0.044 mol) was added. The mixture was cooled to -70'C and

then silyl enol ether 6 (7.72 g, 0.040 mol) was added. Finally, methanol (10 mL) was added.

The reaction mixture was stirred at -70'C for I h, and then the temperature was slowly raised to

room temperature. Sirring was continued for another 30 min. Water (50 mL) was added, and

the mixture was neutralized with a saturated solution of sodium bicarbonate and then transferred

to a separatory funnel. The aqueous layer was extracted with dichlorornethane (4 x 50 mL). The
organic phases were combined, dried with magnesium sulfate, and concentrated in vacuo to yield
the crude product which did not show any starting material (by TLC and NMR). Distillation of

crude product afforded pure 8: 4.24 g (70%).; bp 82-83'C (0.05 mm) (some of the product
decomposed during distillation; higher temperatures for distillation are not recommended):

IR (neat) 1720 cm t (C=O str)
'H NMR (CDCI) &:3.53 (s3 3. OCH 3), 5.02 (s, 3H, C(=O)CH2), 7.30-8.05 (m, 3H, pyridine),

8.62-8.80 (m, IH, pyridine)

MS, m/z 151 (M', 10), 136 (100).
Anal. Calcd. for CH9 N0 2: C, 63.58; H, 5.96; N, 9.27. Found: C, 63.29; H, 6.10; N, 9.11.

2,6-Bis((methoxymethyl)carbonyljpyridine (45)

)Silyl enol ether 7 (6.1 4 g, 0.020 mol) was treated with iodosobenzene (8.80 g, 0.040 mol),

boron trifluoride etherate (11.36 g, 0.080 mol), and 10 mL of methanol in 500 mL of dry

dichloromethane. To the crude mixture (obtained as described in case of 8) was added hexane

(50 mL), and the resulting mixture was allowed to stand for a few minutes, filtered, and cooled
slowly to about 10'C. After 30 min, colorless crystalline product (2.67 g (60%); mp 100- 101'C1

was collected by filtration and drying. Recrystallization from hexane gave an analytical sample,
mp 101-102'C. Filtrates gave more of the product:

total yield 3.16 g (71%);

IR (Nujol) 1720 cmi'

'H NMR (CDCI3) 8: 3.55 (s, 6H, 2 0C''). 505 (s, 4H, 2 CH 3OCH2C=O). 8,05-8.40 (m. 31].

pyridine)

MS, m/z 223 (M*, 10), 208 (MW-Me, 100), 192 (8), 176 (18), 134 (27), 105 (20).

General Procedure for Preparation of Oximes

Unless stated differently, the following general procedure was usfed for preparing the

oximes:

The ketones were treated with a slight excess of NF 2OH.FICI and NaHCO3 at reflux in

EtOll for I hour. The reaction mixture was filtered while warm and concentrated under a rotary

evaporator, and the residue obtained was recrystallized from an appropriate solvent. These

3A
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oxirnes had the following properties:

4-Piperidone oxime:

m.p. 1281-1290 C (lit. 8 m.p. 129-130o C): % yield = 87.

Tropan-3-one oxime:

m.p. 112-113 0 C (lit. 9 m.p. 11I0-111 C); % yield =82.

Ouinuclidinone oxime:

m.p. 210-215 0 C; % yield = 90; IR (KBr): no carbonyl; FeCI3 test + ve.

L r, yl-3-( 1-piperdinyl)propanone oxime

This was obtained in 80 % yield on addition of water after evaporating the ethanol;

m.p. 146-1480 C (lit.4 m.p. 1430 C).

I-Phenvl-3-(1-pyrrolidinyDpropane oxime:

This oxime was isolated on addition of water to the residue, obtained after evaporation

of ethanol, m.p. 150-151o C; % yield = 75.

I -Phenyl-3-(4-morpholinyl)-propane oxime

This oxime was also prepared as mentioned in the last experiments; m.p. 146-147 0C,

% yield = 65.

I (-4-Methoxyphenyvl)-3-( -piperdinyl)propanone oxime:

r,-.. 115- 1360 C (reported 1360 C). % yi7- =55.
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2-a-Hydroxytropan-3-one oxime hydrochloride (10a)

To a solution of NH-2OHHCI (0.011 mol) in MeOH (25mL) was added a solution of 2-

hydroxytropan-3-one in MeOH with stirring during 5 minutes. An exothermic reaction

occurred and colorless solid separated out of the solution. Cooling, filtration and drying

gave oxime hydrochloride, m.p. 1900-1950 C (decomposition), % yield = 90.

2-a-Hydroxyrropan-3-one oxime (10)

Hydrochloride salt obtained in the last experiment was dissolved in 20 mL of water and

then saturated with solid K-2CO 3. Isolation by extraction with CHCI3 (5 X 25 mL) gave

pale yellow crystals o, .,me, m.p. 165-1690 C (decomposition); % yield = 82; IR

(Nujol): no carbcay' absorption; FeC13 test + ve.

2.6-Diacetylpyridine oxime

M. p. 241-2420 C (EtOH); % yield = 82; IR (Nujol): no carbonyl absorption.

3-Acetvlpvridine oxime

M.p. 115-116o C (lit. 10 m.p. 130-135 C).

3- Hydroxyrethylcarbonylpyrddine oxime

M.p. 132-1340 C; % yield = 60; IR no carbonyl; FeC13 test + ve.

2-Acetvl- 1-nethvlbenzimidazole oxime

M.p. 2180 C (lit. 3 m.p. 218-2190 C); % yield = 72.

2- (Hydroxyrnethvlcarbonvl)pvridine oxime (4 1 )

M.p.164-1650 C; % yield=60. IR (KBr) cm 1 : 3300 (br, OH stretching); 1650 (s, C=N);
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'If NMR (CDCI3 ) 8: 4.6 (s, 2H, -CH2-); 7.3-7.9 (m, 4H, aromatic protons); 12.7 (broad, 2H, 2 x

OH).

2,5- Bis(ttydroxvtnethvlcarbonvl)pyridine oxirne (43)

m.p. 170-172*C
% yield = 57

IR (KBr) cm t : 3300 (broad, O-H stretching), 1650 (sharp. C=N stretching).

'H NMR (CDCI3) 8: 1.9 (broad, 2H, 2 x OH); 4.7 (s, 411, 2 x CH%); 7.3-7.5 (m, 3H, aromatic

protons); 14.7 (broad, 2H, 2 x N-OH).

2-(Methoxymethylcarbonyl)pyridine oxime (46):

m.p. 148-150TC
% yield = 63

IR (Nujol) cm : 3350 (broad, O-H stretching); 1660 (sharp, C=N stretching).
'H NMR (CDCI)) 8: 3.3 (s, 3H, OCHQ); 4.8 (s, 2H, CL. ); 7.4-7.8 (m, 4H, aromatic protons);

14.2 (broad, IH. N--OH).

2,5-Bis(Methoxymethylcarbonyl)pyridine (47b):

m.p. 156-158TC
% yield = 66

IR (KBr) cm*: 3360 (broad, 0-H stretching), 1650 (sharp. C=N stretching).
'H NMR (CDCI) 6: 3.25 (s, 6H, 2 x OCH..); 4.7 (s. 411. 2 x CH,): 7.3-7.8 (m, 311, aromatic

protons); 14.8 (broad, 2H, 2 x C=N-OH, exchanged with DO).

General Procedure for Preparing Oxime Methiodides

Methiodides were prepared by dissolving the oximes in THF or methanol and then adding
an excess of iodomethane (3-4 equivalents). The solution was stirred at room temperature for a
suitable time: the precipitates were filtered, washed with ether and dried. The following salts
were prepared by this procedure:

2-Acetyl- I -methvlbenzimidazole oxime methiodide

inp. 203-207'C (decomposed)
"% yield = 90

3-Acetylpyridine oxime methiodide

m.p. 218-220'C
S NMR (DMSO 8): 4.39 (N-CH)

+
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3 -(Hydrovrethylcarbonylpyridine oxime methiodide

M.p. 129o-134o C; H NMR (DMSO) 8: 4.38 (s, 3H, +N14 3); MS: nmz 253.9
(M-30, 7), 152 (L2), 149 (3) 142 (100).

4-Pipcridone oxime methiodide
M.p. 213-216o C; % yield - 91; 1 H NMR (D20) 8: 3.3 (s, 6H, +N(CU 3 )2), 3.55

('m, 4H-, +N(CH2)2).

Trovan-3-one oxime methiodide
M.p. 235-2620 C (decomposition); % yield = 86; 1 H NMR (D20) 6: 3.13, 3.26 (ss,

6H, +N(CH 3 )2), 3.95 (m, 2H, C(2)1H2 ).

2-I-Hydroxv-tropan-3-ong oxime n'ethiodide
M.p. 189-192o C (decomposition); % yield = 92; 1 H NMR (D20) 8: 3.34, 3.2 (ss,

6H, +N-CH3)2), 5.05 (d, IH, C2 -H); X-ray of this compound showed a-configuration at
C-).

I -Phenvl-3-(1 -piperdinvhtropanone oxime methiodide (1l1a)
M.p. 174-177o C; % yield = 81; 1 H NMR (D2O) 5: 3.18 (s, 3H, +N-C-U3 ).

I -Phenvl-3-(I -pvrrolidinvltropoanone oxime methiodide (14 a)
M.p. 178-180o C; % yield - 78: 1 H NAIR (D20) 6: 3.07 (s, 3H, +N-CH 3).

Quinuclidinone oxime methiodide
M.p. 258-2600 C (decomposition): :c'.d =9: NMR (D20): 3.14 (s. 3H, +N-CH 3).

1 H NMR (D-2O) 6: 3.14 (s, 3H, NCH 3 ).
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2.(lYdroxymethvlcarbonyl)pyridine oxime Methiodide (41)
m.p. 15fl-155TC
7 yield = 50
IR (KBr) cm ': 33W) (broad. 0,11 stretching), 1660 (sharp, C=N stretching).'If NMR (DMSO-d6 ): 3.1 (s. 31%, N-CH3); 4.6 (s, 211, -CLm -); 7.4-7.9 (m. 4H, aromatic protons).C8 H,,N 2O2 requires (%)C = 32.65, 11 - 3.74. N = 9.52. Found (%)C = 32.56. If = 3.66, N
9.29.

2 .5-Bis(hydroxvmethvlcarbonvl)pyndine oxime Methiodide (43)

m p. 208-21011C
% yield = 56
IR (KBr) cm 1: 3280 (broad. 0-H stretching), 1655 (sharp, C=N stretching).'I1 NMR (DISO-d6 ): 3.1 (s, 3H, C. ); 4.6 (s, 4H, 2 x CH)O; 7.4-7.8 (m, 3H, aromatic protons),C• 1 •4 N-O4 : requires (%)C = 32.69, H = 3.81, N = 11.44, 1 = 34.60. Found (%)C= 32.63, 1-1
3.68, N = 11.52,
I = 34.34.

2 -(Ntethoxymethylcarbonyl)pyridine oxime Methiodide (48)

m.p. 160-162°C
'7,- yield = 48
IR (KBr) cm 1: 32RO (broad, 0-t1 stretchin),. 1645 (sharp, C=N stretching).'H NMR (DMSO-d,) : 3.1 (s. 3H, CHI), 3.3 (s, 3H, OC'_I ), 4.6 (s, 211, CH2), 7.3-7.9 (mn, 411.
aromatic protons).
C9 [1t 2 N20 21: requires (%)C = 35.17, H = 3.90, N = 9.12, 1 41.36. Found (%)C = 35.20, H =
3.84, N = 9.08, 1 = 41.29.

2.5- Bis(Methoxymethvlcarbonvy)pyridine oxime Methiodide (49)

m.p. = 196-198TC
% yield = 52
IR (KBr) cm 1 : 3320 (broad, 0-H stretching), 1660 (sharp C=N stretching).'H NMR (D8SO-d,) 5: 3.1 (s, 311, N-Clt), 3.3 (s, 611, 2 x OCI ), 4.7 (s, 411. 2 x -CI12-).
7.4-7.9 (m. 31-. aromatic protons).
C1. Ut•N.•:req uirc"ýz C 36.45. f 4.55. N-= 10.63. 1 = 32.15. Found (•T)C 3636, 11=
448, N 10.58. 1
32.32.

)
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Attempwed Reactions Between Oximes and Chloromethyl Methyl Ether

Four oximes, namely, 4-piperidone, impan-3-one. l-phenyl-3.(l-piperidinyl)-. and
I-phenyl-3-(l-pyrmolidinyl) propanones, were treated with chlororethyl methyl ether, but( only
corres;ponding hydrochiorides were obtained after the work-up and recrystallization.

Avempts at Making Bis-guaremary Salts

We ame trying to prepare bis-oxime quaternary %altsi. The details are given in the follow-
ing description:

Preparation of his- 1.3-(4-oximino- I -methylpiperidinitim~ropne dibromide

Method A consist; of the following steps:

Step I: Bis-1I .3(4-piperidforie )propane:

4-Piperidone hydrochloride monohydrate (0.02 mdce) wis put in a 10X) ml round bottomn
flask and 30 ml of methanol was added. Then 0,02 niole of anhydrous ptotailium carbionate wa"
added and the mixture was stirred. To the %tirring mixture was% slowly added a soluition of
1.3-dibromopropane (.01 mole) n methanol (5 ml) andl the mixture was alkiwed to stir overnight
The next day. methanol was evaporated and water added; the soution was saturated with K2CO)
and extracted with CHOCl to yield about 2.5 viscous oil, which was uied without puirification in

the next step.

NIS: rn/i 239 (Nf' 1.2), 180 (2-1), 171W 1I), [SO( (10)., 111) (16), 1216 (7), 112 (1(M), 09Q (I5). 08

(IS'). 96 (A )

Step It: 1,3 Risr'0 oxiinhfo- LIn pipcndinl)propane

lhis.ketone (0.01 mole). oitaineid in the lst step, was diKýolved in methanol (" ml) and

Jdded to a solujtion of hvdro y lamine hyvdroc hloride (0 011I mole) in methanol. *The mi xtirr wvas

ýtirred for 2 hourT, A s1 id (oxtinec h vdr o-h oriif depa) r out of the ýzoirtion. This wi~lid w,1s

dk-,ýolved in water and the solujtion wav saitiraed with K,('(.),~, Trhe ustial work oiptising eitracý

wiin witrh me rh;,nol ase;iNiujt 0'r~ gurntrvn~vis

I R nio c~irhonvl ,,h~orptiof

',IS rn/i. 269 (,\I. 1 t, 251 (12), 1 'X 11, 7 ( lt(ti* I !I f( *6ý. 110 ?(201. Off' (25), 81 (10), 82

1 ~ rh~ -17

) To a solution of 4 piperidone oxime ( 01 moimi) in nx-thanol wasi added an excess of

1.3 dibromopropine ind the mi nixire was itirredi .,, roo~m temperature for ýeverta days. After 5-6



days a colorless crystal separated out. Filtering the solid and washing with cold ethanol and
recrystallization from ethanol yielded needle-shaped colorless crystals. m.p. 185-197"C. Br test
with AgNO1 + vye. NMR does not help in characterization. The mass spectrum does not show

any molecular ion or peak which could help in characterization of the product.

The sample of this compound has been submitted for elemental analysis, which can
probably tell us about the structure.

Quinuclidinone oxime also gave crystalline solid, m.p. 72-80T (decomposed).

Attempts at Preparing 2- 0-t lydroxytropa none

The following methods using trimethyl.ilyl and ether as starting material were tried:

Preparation of Trimethkily'l and Ether H 2) from Tropanone'

To a solution of 'P.52 g. (0.3 mole) of chhorotrimethylsilane and 12.12 g. (16.7 ml. 0.06
mole) of triethylamine (dried over LiACI_ 4• and distilled) in 20 ml of dimethylformamide was

added 7.0 g. (0.05 mole) of tropan-i,-one. The resulting mixture. from which some pale yellow
solid separated immediately and more separated during the reaction, was refluxed with stimng
for 48 hours and then cooled. diluted with 100 ml of pentane, and washed with three 50 nl
portions of cold aqueous NaI1CO, The aqueous layer was oxtracted with pentane. The

) combined pentane extract was dried (NMgSO,) and concentrated under a rotary evaporator to yield
crude silyl and ether, which was purified by vacuum ditillation and gave an oil.

"r Yield ý 10.
lhbp. 95- l(X)C/25 mini
I R, (Neat) cm 1: 169) (C=C-OMeSi)

NMR (witho-it using internal standard "FMS): t (Q11 s (('0ll)1 Si)

MS: rylz 207 (M").

O)xi&ritwon of Silvl Fnol Fther H 2)

I. U-;'ing in-chhIoroprhenioic acid (NIC. B A '

ro a stirred -,olution of 12 in (I', l. .conttiinini a little Nall'(). wast addild I I

equmivalcnt of 5" NICPRA (Aldrich) in poionir over I 20 minriteý. After the r(-iitme

", Aitir1 'A .1 , tirrrd for I ho•ir, :ul (l \ 1 i ((). % I • i b1 t o k( trn. the er ces;'t (if oxidte I ý1-

<(Ilrt n 'i, , ;w;tirited with K,((), arld the n e tracired with ether. Pte ether extract wa, drired

and concenthated in vacuo. I R. arid N"IR sprctral data shoed the formation (of tropan.3 one

only.)
tII



If. Using Osmium tetmxide/N-methylmorpholine-N-oxide (NMNIOFiO)

A solution containing 2.0 mmole of 12 in 3 ml of acetone was added at -5°C to a mixture
containing 0,04 mmole of osmium terroxide (added as a solution in 0.91 ml of t-butyl alcohol).
284 mg (2.1 mmole) of NMMOIFO. and 4 ml of HO in 9 ml of acetone. The resulting mixtt,re

was stirred at 0OC for 3 hours, then allowed to warm to 25"C and stirred an additional 6 hours.
Sodii,,, hydmsulfite (0.35 g.) ard florisil (1.34 g.) were added, and the suspension was stirred
and filtered to remove osmium-containing material. The fidtrate was acidified with sulfuric acid,
diluted with water (10 ml) and then basified with K2CO3. Extracting the solution with ether gave

tropanone only.

Ill. Osmium tetroxide/pyridine

To a solution of 12 (2 mmoie) in CttCI,, osmium ietroxide (2 mmole) in pyridine was

added dropwise. The mixture was allowed to stir overnight. Work-up gave tropan-3-one.

General Procedure for the Preparation of Butanc-1,4-Diones (50a-e)

To a suspension of iodosobenzene (01 mmol) in dry dichloronmehane (1(M ml) tunder
nitrogen was added boron trfluoride (0.03 mol) with stirring. The mixture was cooled to -401C
and then to the resulting stirred and cold mixture was added silyl enol ether (20 remol). The
reaction mixture was stirred for I h at -40 0C and then for an additional I h at room temperature.
During this period the light yellow reaction mixture changed to a drk brown (or light green)
solution, This solution was hasified with a saturated aqueoui solution of sodium hydrogen
carbonate and the aqueous layer was extracted with dichloromethane (3 x 25 ml). The organic
extracts were combined, dried (MgSO,), ard concentrated under reduced prruire to yield the

crude pr(xiJct which contained iodobenzene and small amount of recovered ketone (1) as im-
purities. Addition of ethanol (5-10 ml) separated the crystalline prcOuct. Analytical samples
were prepared by recrystallization from a stitahle solvent. The results of this reaction on known
compounds are summarized in Table 2.
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Table 5. Butane-1,4-diones (5 la-e) prepared by the hypervalent iodine oxidation of silyl enol
ethers.

Compd. (Yield %) MP(IC) fLitjm.p.(0 C)

13a 48 143-144 144 n3

13b 58 150-151 151'

13c 62 150-151 150",

13d 52 195-197'

13e 64 159-160 158-160'

"IR (Nujol) cm 1: 1695 (sharp C---O stretching)

'H NMR (CDCI3) 5: 3.40 (s, 41-1. 2 x CII,), 7.81-8.33 (m, 811. aromatic protons).

4.)
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I Appendix 1. Compounds Submitted to WRAIR

Samplei Siihmilted rmr Test and FEval,,alion

MCC WRA IR ('Orpoiind Compound Q~iantif'( 2)
Code No. (Code No. Strucriire Name

MO Q.Me I~
N

OP-5I irop.a)- 3-ofWe (TUIII 2 () g

WR- 108591 nethimdide

N -011

OP-28 2-"Alydroxytropan-13one 1. 1 g

WR-253574 Coiefltidd

Not#

Or- [17 -1. Pircridone nfirxim 2.1 e

WR-2.53501 MO~ th oIi

VR -2535531 methjpdfide
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Samples Submitted ror rest and F valwation

I I WC WRAIR Compouind Compouind O

('ode No. Codle No. Sinictitre Name

Not# Me'
OP- 137 11 rropminorel I -phcriyl-l (I -

WR-2535 C-C41011- N( piperidinyl)) oxime ineihioglide

Op- 118 C-ClitciCm No ~ fropinotiel I -phieny[- 31-0

WRWR-253560 7 pyrTolidfinvI)l oxime methiodilde

NQt4
Or- 143 11 Propaflonei I .plwnvl3,.(I

WR-2,515672 N C l0I,,, morpholinyl)l oxittle r'neilhirdirde

O)P-231 NoH Prepalnc'nel I .j-anisvi
11 M/--\ 3+1i thi ruorpholinvI)i o'xirre

WR-2535650c- C fC 11~, - ýj S ruethiodidr
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SamPles Suhnilifted ror FewI and [ aItiliiion

UICf C WR A IR ( irpo~iind C omlpond~( ~ i~rt

('oxle Noý Cod~e No ýtnicnire N.irne

ofN 
NO

(JP. 137 c 0,C1 ProrpIiot'e I -phenyl-.0 - 1 2 g

~VR.33s ~ C CHCH, piperni(inYI))I (1ifem~eth;&'dii~e

XR-25360 C- If M

()P.-13 C-HCY." ropnonel I -phenvi-l.( 1 0' 2 g

~R-2C356 j mopyrTI(iflyIl oxime methivO4itd

()P-2 11 ~NOH maonfIpn4l

11 (1 i hionior-pholinvIi xt)yi e
W'R-253"65 c CCIACH,- N Sm'idd

MOOe
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Samples Subhni(ted for Tet nd FEvaltiallion

UICC WRA IR Compound Comipournd Qount~Iy( 2)
CxIe No. Code No. Stnictire Namec

OP- 220 C- 1Ethanonel 1 -(3-pyridinyl)I 1 () g
oxime methiodidie

WR-253551 N

Me

Noll

OP-205 c-f'l tzhinonef 1-(3-pyridfinyl)2- 0.5 g

WR2555 hydroxyloxite niethicodide

113c, 11

PR- 22NOl2.4-flknximinotropine-3 one 2.0 g

wR- 1255130 r IONoid

OP-501 fIii.21 Ilv(Ircxvi vethyvlclir oti vi ) 2)

WR-254739 oil pyridine o'xim~e melthiodiide
(H- NOJI
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Samples Submilttd for Test and Evaluation

M'CC WRAIR Compound Compound Quantity(2)Codle No. Codfe No. Sinicriire Name

OP-576 140 
' N ,6Bi;ydrxethylcarbonyl)- 

2.0 g
WR- Unknown, NO" H NOll pyridine oxime methiodide

WP-666ow 0 2 -(Methoxyniethylcarbonyl)- 2.0 gto NUnnD on pyridine oxime mnethiodide
I No

OP650 1 2 ,6-Bis(methoxymethvicarbonyI) 2.g
;WR-UnknW,4e(, N OC yiieoxime merhiodide

OH3
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